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A nearly omni-directional THz absorber for both transverse electric (TE) and transverse magnetic
(TM) polarizations is proposed. Through the excitation of magnetic polariton in a metal-dielectric
layer, the incident light is perfectly absorbed in a thin thickness which is about 25 times smaller
than the resonance wavelength. By simply stacking several such structural layers with different
geometrical dimensions, the bandwidth of this strong absorption can be effectively enhanced due to
the hybridization of magnetic polaritons in different layers.
PACS numbers: 78.20.Ci, 77.22.Ch, 41.20.-q
I. INTRODUCTION
High absorption in a thin film is of critical importance
in some device applications such as micro bolometers [1],
thermal detectors [2] and solar cells [3, 4], whose working
spectra are from infrared to optical frequencies. Several
absorbing structures have been proposed previously. For
instance, a bare metallic grating can fully absorb the in-
cident light at some well defined wavelengths [5, 6, 7, 8].
However, absorption in metallic gratings usually relies on
delocalized surface excitations [9], which are highly sen-
sitive to the angle of incidence. This narrow-angle ab-
sorption prevents their application to e.g. photovoltaic
cells, where wide collection angles are necessary. An-
other widely used method is based on structured metal-
dielectric interfaces, such as Dallenbach layers [10, 11]
and Salisbury screens [12, 13], which can give frequency-
selective absorption of incident light. However, these
types of structures often limited to a minimal thickness
of one quarter wavelength. Recently, Landy et al. pro-
posed an innovative metal-dielectric composite named
metamaterial absorber to overcome this thickness lim-
itation [14, 15]. Later, some efforts have been made
on this metamaterial absorber to achieve polarization-
insensitive absorption [16] or wide-angle (only in the in-
cident plane with a fixed azimuthal angle) absorption
[17, 18]. The above-mentioned absorbing structures have
shown their great ability for light absorption. However,
omni-directional absorption (i.e., wide-angle absorption
for any azimuthal angle) in a thin film (much thinner
than one quarter wavelength) for incident wave of both
polarizations remains a challenge. Moreover, most of
these designs are based on strong electromagnetic res-
onances to effectively absorb the incident light in a thin
thickness, especially for a metamaterial absorber, and
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consequently the bandwidth of this resonant absorption
is often narrow, typically no more than 10% with respect
to the center frequency. This narrow bandwidth feature
of the resonant absorption limits the device applications
of these absorbing structures.
This paper is dedicated to the design of an omni-
directional and broadband thin absorber for both po-
larizations in terahertz frequency range (0.1 − 10 THz),
where it is difficult to find naturally occurring materi-
als with very strong absorption [19, 20]. We numeri-
cally demonstrate that a composite structure of a cut-
wire array, a lossy polymer separation layer and a metal
ground film can be used as an effective absorber with a
resonant absorption up to 99.9% when the thickness of
the separation layer is properly designed. Moreover, by
simply replacing the cut-wires with crosses, nearly omni-
directional absorption is achieved in this more symmetric
composite structure for both TE and TM polarizations.
Most importantly, we successfully demonstrate that, by
stacking these layers of metallic crosses with different
geometrical dimensions, several closely positioned reso-
nant peaks are merged in the absorption spectrum due
to the hybridization of the magnetic polaritons, and con-
sequently the bandwidth is effectively enhanced.
II. WIDE ANGLE ABSORPTION OF A
COMPOSITE CUT-WIRE STRUCTURE
First we study a simplified composite structure which
is made of a metallic cut-wire array positioned above a
metallic film (with a polymer layer in between) as de-
picted in Fig. 1(a). A lossy polymer with dielectric
ǫ = 3.5 + 0.2i is used in our numerical simulation. The
thickness t of the polymer layer is adjustable, the width
w and length l of the cut-wire are 3 µm and 16 µm,
respectively. As shown in Fig. 1(b), the length of the
unit cell (i.e., the period of the cut-wire array) in both
x and y directions are p = 22 µm. In the simulation,
2FIG. 1: Schematic diagrams of the THz absorbers consisting
of a metallic film, a polymer separation layer, and (a) a cut-
wire array; (c) a cross array. (b) and (d) show the unit cell of
the two absorbers in the calculation of the reflection spectrum.
Axes in (a) and (c) indicate the polarization and propagation
direction of the incident wave.
the metallic structures were made of lossy gold with a
conductivity of σ = 4.09 × 107 S/m and a thickness of
200 nm. As the thickness of the metallic film used here
is much larger than the typical skin depth in the THz
regime (to avoid transmission through the metallic film),
the reflection is the only factor limiting the absorption.
Here we consider the case when a plane wave [with elec-
tric field polarized in x direction; see Fig. 1(a)] normally
impinges on the structure. By using a Finite-Integration
Time Domain algorithm [22], the reflection spectra for
different separation distances t are calculated and shown
in Fig. 2(a). In each reflection spectrum shown in Fig.
2(a), one sees a significant resonant dip where the re-
flection drops rapidly. To obtain a physical insight, the
distributions of the z-component electric field on the cut-
wire and the metallic film are shown in Fig. 2(c) and
(d), respectively, for resonance A [see Fig. 2(a)] as an
example. As shown in Fig. 2(c), charges of opposite
signs accumulate at the two ends of the cut-wire, indicat-
ing the excitation of an electric dipole resonance on the
cut-wire. This electric dipole is greatly coupled with its
own image, which oscillates in anti-phase on the metallic
film [see Fig. 2(d)]. Consequently, a magnetic polari-
ton (or ”magnetic atom”) [23, 25] is formed, which in-
duces a strong magnetic response (see Fig. 6(a) below)
and causes a resonant dip in the reflection spectrum [24].
The coupling strength of the electric dipoles as well as
the magnetic response is mainly determined by the sep-
aration distance. By tuning the thickness of the spacer
layer, we can obtain an optimal value t = 2.4 µm, at
which the electric and magnetic response makes the com-
posite structure impedance-matched to the free space,
and the reflection is considerably suppressed (< 0.1%)
at resonant frequency ω = 4.96 THz, as shown by the
black curve in Fig. 2(a). 99.9% of the incident wave
is effectively absorbed in the composite structure with
FIG. 2: (color online) Reflection spectra for (a) different val-
ues of polymer separation thickness t; (b) different values of
cut-wire length l. Star pointA denotes the resonant dip when
t = 2.4 µm. (c) and (d) show the distributions of the z-
component electric field for resonance A on the cut-wire and
the metallic film, respectively. The inset of Fig. 2(a) shows
the effective LC circuit for the magnetic polariton resonance.
The inset of Fig. 2(b) shows the resonant wavelength as a
function of the cut-wire length.
a thickness of less than λ/25. To give a further inter-
pretation, an LC-circuit model, as shown in the inset of
Fig. 2(a), is introduced to approximately describe this
magnetic polariton caused resonance. Each of the two
capacities is formed by the metallic film and an upper or
lower half of the cut-wire. The capacitance C can be de-
scribed approximately by a two-plate capacitor formula
C ∼ (wl/2)/t [26]. The inductance L of the structure is
approximately given by L ∼ (lt)/w (as for the case of two
parallel plates). Then the resonant frequency is given by:
fm =
1
2π
√
LC/2
∼
1
l
(1)
From Eq. (1), we can deduce that the resonant fre-
quency is not sensitive to the change of separation dis-
tance t. This agrees well with our simulation results (the
resonant peaks are at similar frequencies), as illustrated
in Fig. 2(a). The reflection spectra for different lengths
of the cut-wire are also shown in Fig. 2(b). Compared
with Fig. 2(a), a significant redshift of the resonant peak
(with little change in amplitude) is observed when l in-
creases from 8 µm to 18 µm. The linear dependence of
the resonant wavelength on cut-wire length l is demon-
strated in the inset of Fig. 2(b), as predicted by Eq.
(1).
3FIG. 3: (color online) Absorption spectra for different
incidence-angles with (a) TM and (b) TE configurations. The
insets depict the polarization and propagation direction of in-
cident waves.
Next we study the resonant absorption behavior for the
case of optimal thickness t = 2.4 µm, when the incident
angle increases. Figs. 3(a) and 3(b) give the absorp-
tion spectra when incident angle θ varies from 0 to 80◦
in TM configuration (i.e., H-field is fixed along the y di-
rection) and TE configuration (E-field is fixed along the
x direction), respectively. For the case of TM configura-
tion, as the incident angle increases, the amplitude of the
absorption peak decreases slightly but still keeps above
98% [see Fig. 3(a)] even when θ = 80◦, at which angle the
electric field is nearly normal to the cut-wire. Thus we
can conclude that the magnetic polariton, which causes
the resonant absorption in the composite structure, is
effectively excited by the y-component of the magnetic
field, while the x-component of the electric field (which
can drive the electric dipole oscillation on the cut-wire)
contributes a little. Meanwhile, a blueshift of the ab-
sorption peak occurs (see Fig. 3(a)), which is relatively
small (< 0.05 THz) for θ < 60◦, and reach 0.2 THz when
θ increases to 80◦. It is not difficult to understand this
blueshift for the obliquely incident light. As we know,
for the normal incident case, the electric dipole of the
cut-wire [see Fig. 2(a)] in each unit cell oscillates in
phase. Accordingly, the attractive force of the opposite
charges of the adjacent cut-wires in x direction reduces
the restoring force of the charge oscillation inside the
cut-wire. Compare with a single cut-wire, the resonant
frequency of the cut-wire array is reduced due to this
interaction between the neighboring unit cells. (Our nu-
merical simulation has shown that this small redshift of
the absorption peak will be reduced when the period in-
creases, i.e., the interaction between the neighboring unit
cells decreases.) However, as the incident angle increases
for the TM configuration [see the inset of Fig. 3(a)], the
dipole oscillation of the adjacent cut-wires in x direction
is no longer in phase, which causes the reduction of the
attractive force between these adjacent cells, and con-
sequently the absorption peak moves slightly to a higher
frequency. For the TE configuration, a distinct amplitude
reduction of absorption peak is observed as the incident
angle increases [see Fig. 3(b)]. However, for small inci-
FIG. 4: (color online) The absorption spectra as a function of
incident angle θ for (a) TE polarization; (c) TM polarization,
when azimuthal angle φ = 0. The absorption spectra as a
function of azimuthal angle φ for (b) TE polarization; (d)
TM polarization, when incident angle θ = 45◦.
dent angle θ = 30◦, the absorption spectrum are almost
overlapped with the one for normal incidence. A high
absorption of 89% at resonant frequency is still achieved
when θ = 60◦. Beyond this angle, the amplitude of the
absorption peak drops quickly, as the y-component of
the incident magnetic field decreases rapidly to zero and
can no longer efficiently excite this magnetic polariton.
Compared with the TM configuration, here the frequency
shift of the absorption peak is really small (almost im-
perceptible), since the coupling of the adjacent unit cells
in y direction is relatively small due to the larger spac-
ing. Notably, the present simulation results demonstrate
that this simplified structure can have quite wide angle
absorption for both TE and TM configurations, which is
similar to the composite structure (of electric inductive-
capacitive resonators and a metallic film) used in Ref.
[17].
III. OMNI-DIRECTIONAL AND
POLARIZATION-INSENSITIVE ABSORPTION
IN A COMPOSITE STRUCTURE OF METALLIC
CROSSES
Although the resonant absorption of the composite
structure of cut-wires can work over a wide range of in-
cident angles θ, the effective absorption can be obtained
only for a plane wave without x-component of magnetic
field. However, due to the structural simplicity, the above
absorber can be easily extended to a more symmetric
structure in order to highly absorb the plane wave with
x-component of the magnetic field. We demonstrate this
by simply replacing the cut-wire array with the cross ar-
4ray as shown in Fig. 1(c) and (d). The unit cell for
the numerical calculation is depicted in Fig. 1(d). The
cross here is composed of two orthogonally intersected
cut-wires of same size. The width w and length l of the
constitutive cut-wire are the same as those used in Fig.
1, while the optimal thickness t of the separation layer
is adjusted to 2.2 µm (slightly different from the previ-
ous value) in order to be impedance-matched to the free
space. Fig. 4(a) and (c) show the absorption spectra
as a function of the incidence-angle θ for TE and TM
waves, respectively, when the azimuthal angle φ is fixed
to 0. The propagation and the polarization direction of
the incident wave are shown in the inset of each figure.
From Fig. 4(a) and (c) one can see that the present ab-
sorber can still work over a wide range of incident angle
θ (as for the case of the composite cut-wire structure
(see Fig. 3)] for both TE and TM polarizations, because
the additional constitutive cut-wire, which is normal to
the electric field and parallel to the plane of magnetic
field, has no resonant electromagnetic response, and con-
sequently has little influence on the excitation of mag-
netic polariton. Moreover, for any fixed incident angle
θ, the resonant absorption of this more symmetric struc-
ture is quite isotropic in the x-y plane (as the azimuthal
angle φ varies) as illustrated in Fig. 4(b) and (d) for
TE and TM waves, respectively (here we choose inci-
dent angle θ = 45◦ as an example). The insensitivity
to the azimuthal angle variation is not difficult to un-
derstand. Any incident plane wave impinging on this
composite structure can be decomposed into two com-
ponents with the magnetic field in x-z or y-z plane. At
resonant frequency, each component can effectively ex-
cite the corresponding magnetic polariton (between one
constitutive cut-wire and the metallic film), and then will
be greatly absorbed. Our simulation results reveal that
the present composite structure of metallic crosses gives
nearly omni-directional and polarization-insensitive ab-
sorption as the case in Ref. [21]. However, compared
with the absorbing structure of nanocavities in gold sub-
strate proposed in Ref. [21], the present structure is much
thinner (< λ/25), and can be easily manufactured with
standard planar micro-fabrication techniques [27].
IV. BROADBAND ABSORPTION OF A
MULTI-LAYER STRUCTURE
Below we try to increase the bandwidth of the absorp-
tion by using a multi-layer structure which can support
several resonant modes closely positioned in the absorp-
tion spectrum. From Eq. (1), the resonant frequency of
the absorption caused by the magnetic polariton is pri-
marily determined by wire length l. Thus in different
layers we design crosses of slightly different lengths to
ensure that the resonance frequencies of magnetic po-
laritons could be close to each other. Then, by tun-
ing the polymer separation thickness of each layer, the
multi-layer structure can be impedance-matched to the
FIG. 5: (color online) Schematic diagram of a 3-layer cross
structure with the geometrical parameters of each layer
marked on it. The crosses from the bottom to the top are
denoted in sequence as the 1st cross, 2nd cross, and 3rd cross.
The dashed line shows the cross section plane y = 0.
FIG. 6: (Absorption spectra for (a) 1-layer cross structure;
(b) 2-layer cross structure; (c) 3-layer cross structure. The
geometrical parameters used here are given in Table I. The
insets show the details at the frequency range of the resonant
absorption. Ia, IIa, IIb, IIIa, IIIb, IIIc denote the resonant
peaks in each spectrum.
free space at each resonant frequency (similar to the one-
layer case shown in Fig. 2(a)). In Fig. 5, we show as an
example the schematic diagram of a 3-layer cross struc-
ture, which consists of three alternating layers of gold
crosses and polymer separation layers, and a gold film
at the bottom. The geometric parameters of each cross/
polymer layer are marked in Fig. 5. The crosses from
the bottom to the top are denoted in sequence as the
1st cross, 2nd cross, 3rd cross. In the present design for
1-, 2-, or 3-layer structure, wire width w is equal (for
simplicity) and fixed to w = 6 µm for all the crosses.
The other geometrical parameters for different layers of
the structure are optimized and given in Table I. The
corresponding absorption spectra for normally incident
plane wave with electric field in x direction (see Fig. 5)
are simulated and presented in Fig. 6(a), (b), (c). For
the sake of clarity, we first study the case of 2-layer struc-
ture. Different from the case of the 1-layer structure with
single resonance (Ia), two closely positioned resonances
with absorption up to 99.9% are clearly observed in the
inset of Fig. 6(b). One resonance (IIa) is at frequency
ω = 4.56 THz, while the other resonance (IIb) is at fre-
quency ω = 4.85 THz. To understand the origin of the
spectral characteristics, the distributions of y-component
5magnetic field magnitude |Hy| in plane y = 0 (see Fig. 5)
at the two resonances are shown in Fig. 7(b) and (c). As
Fig. 7(b) shows, resonance IIa of lower frequency is pri-
marily associated with the excitation of magnetic polari-
ton in the first layer, which is caused by the electric dipole
coupling between the 1st cross and the metallic film [like
the case of 1-layer structure, see Fig. 7(a)], while only a
small magnetic response can be observed in the second
layer at this frequency. For resonance IIb, strong mag-
netic field is found in both the first and second layers
as shown in Fig. 7(b), which means that the magnetic
polariton of each layer contributes significantly to this
resonant absorption. Thus resonance IIb can be regarded
as a hybridized mode [23, 24] of two magnetic polaritons
strongly coupled to each other. Due to the great contri-
bution from the magnetic polariton of the second layer,
resonance IIb shifts slightly to a higher frequency as com-
pared with resonance IIa. Owing to these two closely po-
sitioned resonant peaks, we obtain a relatively wide fre-
quency band (from 4.45 THz to 4.95 THz) of absorption,
where nearly perfect absorption (more than 97%) occurs.
The full bandwidth at half maximum (FWHM) of the ab-
sorption is greatly improved to 27% (with respect to the
central frequency), which is almost two times larger than
that of the 1-layer structure. Taking a step further, we
demonstrate a broader bandwidth absorption in a three-
layer structure in Fig. 6(c). By stacking one more layer,
additional magnetic polariton is introduced to this hy-
bridization system. Accordingly, three closely located
resonances (IIIa, IIIb, IIIc) are observed at frequencies
ω = 4.55 THz, 4.96 THz and 5.37 THz, as shown in the
inset of Fig. 6(c). The corresponding distributions of y-
component magnetic field magnitude |Hy| on plane y = 0
are also shown in Fig. 7(d), (e), (f). Each resonance is
a hybridized mode contributed differently by the three
magnetic polaritons of the three layers. In this 3-layer
cross structure, a 1.03 THz frequency band (4.44 ∼ 5.47
THz) with nearly perfect absorption (more than 97%) is
achieved, and the FWHM of the absorption increases to
1.9 THz, which is nearly 38% of the central frequency.
Meanwhile, the thickness of the 3-layer structure is still
quit thin (no more than λ/15 ). Importantly, the wide-
angle feature of this high absorption caused by the mag-
netic polariton is preserved in this multi-layer structure
as shown in Fig. 8(a), (b) for TE and TM waves, respec-
tively. The absorption variation with the change of the
azimuthal angle is not given here, as the stacking of lay-
ers in z-direction does not spoil the structural symmetry
in the x-y plane [consequently the isotropic absorption in
the x-y plane can be obtained just like the case of single
layer, see Fig. 4(b), (d)]. A further broadening of the
absorption bandwidth is also possible by increasing the
number of stacked layers.
FIG. 7: (color online) The corresponding distributions of y-
component magnetic field magnitude |Hy| in plane y = 0 for
each resonance shown in Fig. 6.
FIG. 8: (color online) The absorption spectra of the 3-layer
cross structure as a function of the incidence-angle θ for (a)
TE polarization; (c) TM polarization, when the azimuthal
angle is fixed to φ = 0.
V. CONCLUSION
In summary, we have designed a thin THz absorber
with a thickness smaller than λ/25, and achieved a high
absorption which is nearly omni-directional for both TE
and TM polarizations. A simplified LC model has been
introduced to elucidate the resonant behavior. The wide
angle nature of the resonant absorption has been care-
fully analyzed. Moreover, we have successfully demon-
strated that the bandwidth of the absorption can be ef-
fective improved by using multi-layer structure, while the
wide angle feature remains. The proposed multi-layer
structure can be easily fabricated through a layer-by-
layer technique [28, 29, 30], and allows for easy inte-
gration with various devices. This omni-directional THz
absorber, which is also polarization-insensitive and broad
band, has potential applications in e.g. thermal detectors
and THz imaging.
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